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INC: AUTOMATIC FUNCTIONAL VALIDATION OF 3D PRINTING SYSTEM WITHOUT USE

Automatic functional validation of 3D printing system without use of consumables
Abstract
Printing systems functional validation is a need for design, manufacturing, installation and service
engineers at different phases of the product lifetime. This refers to the systems integration acceptance
after the product manufacturing or a modification is done after a repair or a redesign. The objective of
this validation is to ensure that the product is delivered to the customer with an optimal quality and
performance, meaning that the parts printed with it will accomplish all the quality standards.
This idea is planned to be part of the overall customer acceptance procedure at new installations and
during the product use. This test allows an efficient validation of the product without making use of
consumables used at 3D printing (powder and ink). Thus, this new test to validate the final product
improves the 3 main pillars of operations which are cost, time and quality.
This solution could be applied to all 3D printers’ products that have an automatic powder loading module.
Additionally, it could be adapted for 2D printers’ products as well.

Description
The present disclosure refers to a testing procedure performed at 3D printers in order to validate the
correct integration of all its subsystems. This is done by launching a fictious job so that the printer behaves
as in normal operation mode but without printing real parts. The actuators behave as they do in normal
printing at the different phases (warm‐up, printing, curing and/or cooling). The time series of sensors and
actuators are evaluated to ensure they fulfill with the expected behavior of a printer that would deliver
good part quality in the printed parts. This test requires a specific tool to represent the printer behavior.
In order to facilitate the time series analysis and validation different key performance indicators (KPIs) are
gathered during the test and calculated after it finishes to compare them with respect to expected values.
These postprocessing of the time series can be maximum, minimum or stabilization points, spectral
analysis of the signal and the derivative or integral of the time series. In order to determine the KPIs to be
used there is a need to establish a link between the functional critical performance parameters during the
printing process and the printed part’s quality.

Figure 1: KPIs graphs for Lamp9 & Heater Servo
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Figure 2: KPIs graphs for Pressure Sensor and Carriage Temperature Sensor

Figure 3: KPIs evaluation summary matrix PASS/FAIL
Slight modifications can be done to the normal printing recipe to facilitate the testing or to reduce its
time. For example, the duration of the different phases can be reduced.

Problems solved










Launching the test described above to perform the systems integration validation there is no need
of skilled 3D printing technicians to evaluate the feedback of metrology to determine the issues’
root cause. This is easily identified knowing the KPIs that are out of the specification limits.
Metrology area and technicians working there are no longer need.
Easy detection of misassembles of the product due to an operation not well performed, for
example, system errors occurring due to a connector loose or a mechanical friction cause by a
part not well assembled. Helping also to detect infant mortality of some hardware components.
This test implies a cost reduction in operating supplies because there is no need to use powder
and ink.
This implies also a reduction of testing time. Not only due to the test being faster but also due to
the reduction of the time dedicated to refurbishment operations.
Infant failure detection of hardware components in early stages as the printer’s will be running
during the time that the fictious job takes place simulating the customer’s usage.
Knowing which are the KPIs that are out of specs allows to have more focus on the issues’ root
causes and to communicate better with the engineers giving support.
Product characterization: repeating this test at different points in the product lifetime (for
example, during its installation and during its use by customers) allows to have visibility of the
product status evolution being able to see trends of the different KPIs. It can even be launched by
the customer and the resulting KPIs reporting automatically upload to the cloud to be analyzed
remotely. This permits to compare from a durability point of the product.
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No safety concerns related to the operator’s handing of operating supplies (for example avoids
exposition to metal powder). There is no need to have a dedicated area in the manufacturing line
fulfilling ATEX requirements to perform this test, which is also decreasing EHS’ risks at the
manufacturing line.

Prior solutions and limitations
A way to evaluate printer performance is by printing jobs in customer’s site and at the end of the
manufacturing line by a specialized technician. This is rather giving a qualitative evaluation by determining
whether the printer prints with good part quality or not. This does not allow to know an evolution of the
behavior of the subsystem's status in detail plus there are several external factors from the customers
that can add noise to this evaluation such as powder condition or site conditioning.
With the proposed testing procedure of functional test the 3D printer’s evaluation is less dependent on
specific customer’s site conditions and allows us to gather a more valuable data for analysis, easier to
evaluate. This can be done by uploading automatically these KPIs to the cloud after launching this fictious
job by the customer.

Disclosed by Jose Maria Milian Sanz, Marc Garcia Grau and Carolina Begara Marchal, HP Inc.
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